A simple, precise, and rapid method to measure plasma malondialdehyde (MDA) was developed by use of solvent extraction-flow-injection analysis. The reagent solution, containing thiobarbituric acid (TBA), 5 g/L in 100 mL/L phosphoric acid, and extraction solvent (methylisobutyl ketone, MIBK) were propelled with a double-plunger micropump at a flow rate of 0.3 mL/min, and 20 L of sample was introduced into the reagent stream. After TBA-MDA reactant was extracted into MIBK, the organic phase was continuously separated by a successive phase-separation system equipped with two phase separators, and the absorbance of the TBA-MDA reactant was measured at 532 nm. This approach resulted in excellent sensitivity, a CV of <1.5%, a good correlation with the conventional manual method, and a sampling frequency of 7 samples/h, suggesting that this semiautomated method is suitable for measuring plasma MDA. 
the pretreatment of one sample requiring >30 mm. Solvent extraction-flow-injection analysis (SE-FIA) systems were established by some investigators (18) (19) (20) (21) (22) . This method features a constant reaction time, a short measuring time, a simple measuring procedure, and use of small volumes of reagent solution and extraction solvent. The SE-FIA method was also modified to be more sensitive by using the effective phase segmentor and separator (20) .
In our study, we established an automated method for determining plasma MDA by the SE-FIA system.
MaterIals and Methods

Reagents.
Biochemical-reagent-grade Animals. Male Wistar rats 6 weeks old were purchased from Nippon SLC (Shizuoka, Japan). The animals were given a commercial solid diet (Clea CE-2; Nippon Clea, Tokyo, Japan) and water ad libitum for 4 weeks. All rats were removed from the diet the day before administration of CC14 and given only water until this administration.
1,1,3,3-tetra-
Carbon tetrachloride (0-0.8 mL(kg) was administered intraperitoneally in an equal volume of corn oil solution. All rats were killed by decapitation 22 h after administration of Cd4, and the blood was collected. (21, 22) . In our method, methylisobutyl ketone (M1BK) was completely separated from the aqueous phase by the lipophilic PTFE membrane but n-butanol was not separated.
The ability of MIBK to extract TBA-MDA reactant in plasma was also compared with that of n-butanol. The absorption spectrum of TBA reactant in TEP standard solution extracted by MIBK closely fitted that by n-butanol (data not shown), with maximum absorption at 532 nm, in good agreement with that reported by earlier works (7,17,23,25).
However, the absorbance of TBA-MDA reactant in plasma at 532 nm extracted by n-butanol was 1.5-to 2.0-fold that by MIBK ( Table 1 ). The same result was also found at the overall wavelengths from 450 to 650 nm (data not shown). These results suggest that the n-butanol extracts not only the TBA-MDA reactant but also other reactants from plasma. Thus, MIBK is a better solvent than n-butanol for extracting the TBA-MDA reactant. Although there was no difference between the segmentors in peak heights on the recorder chart (data not shown), the KZU-1 segmentor yielded sharp peaks, so we used this segmentor in the following experiments.
The effect of the length of the extraction coil [0.5 mm (i.d.)] on the efficiency of extraction was examined.
The peak height increased in proportion to the length of the coil to 2 m and plateaued at a coil length between 2 and 5 m (data not shown), in disagreement with reports that the peak height plateaued at an extraction coil length of  1 m (19,20) .
With the increase in the length of extrac- Figures  1 and 2 ) based on the difference in specific gravity upstream from the phase separator based on the porous PTFE membrane (PS2 in Figures 1 and 2) . The PS1 phase separator (internal volume 0.1 mL) effectively eliminated the precipitates. The pore size of the PTFE membrane used in the PS2 phase separator is also important in phase separation.
Of the four pore sizes tested (pore size: 0.45-10 j.uni), 0.8 pm was the best for complete and long-term phase separation.
Using two phase separators (PS1 and PS2), we could measure 50 plasma samples continuously without stopping the apparatus.
The flow rates and mass balance of organic and aqueous streams after passing through the two separators are shown in Table 2 . The volume of organic stream passing through the detector was 67% of the total organic stream.
In our system, when the recovery of organic phase exceeded 67%, the FFFE membrane was choked by the precipitates from plasma. Therefore, in all later experiments, we adjusted the needle valves (V1 and V2 in Figure 1 ) to fix the recovery of the organic phase at 67%.
TBA concentration and acid concentration.
The effect of TBA concentration
(1-8 gIL) in the reagent solution on coloration was investigated.
The peak height reached its maximum and remained constant when TBA concentration was >5 g/L. However, the flow rate of TBA The coloration of the TBA reaction was also influenced by the reaction temperature.
The reaction was maximum and constant at temperatures >90 #{176}C. However, bubbles formed in the reaction tube at reaction temperatures >98 #{176}C. A reaction temperature of 95#{176}C was therefore suitable.
Sample volume and life of separator. To examine the effect of injection volume of sample on peak height, we varied the sample size by changing the length of sample loop in the injection valve. The peak height was constant from 20 to 100 L of sample volume, but the peak width spread with an increase in sample volume; thus, the sampling rate decreased when the sample volume increased. When 100 pL of sample was injected into the flow system, the separator performed well until 30 plasma samples were analyzed; it could be used for >50 determinations with a 20-tL sample volume. In this flow system, therefore, we used 20 1zL of sample. Fig. 1. b Twenty microllters of human plasma containing these substances was infectedInto the FIAsystem. #{176}Calculated fromthe calibration curve based on the peak height forTEP as external standard. system, and the results are shown in Table 3 . Bilirubin and lunolenic acid increased the apparent MDA value, whereas linoleic acid, dextrose, and oleic acid decreased it. These effects, however, were within ±7% of the MDA value in human plasma. The color intensity of the TEA reaction was affected by secondary products from the The CVs for 10 measurements of the same human plasma sample were 2.7% by the SE-FIA method and 7.6% by the manual method. Analytical recovery of MDA, measured by adding known amounts of TEP to human plasma, ranged from 84.5% to 90.2%. Day-to-day precision was checked by assaying the same plasma pool on each of 5 days; a mean ± SD of 2.71 ± 0.23 mol/L was found. The semiautomated determination of the SE-FIA method could contribute to its having a smaller SD than the manual method.
Determination of MDA in rat plasma. Exposure to Cd4 increases plasma MDA content of food-deprived rats (30). MDA values in plasma from CC14-treated rats were determined by the manual method with use of n-butanol or MIBK as extracting solvent and by the SE-FIA method ( 
